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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMHISSION 
0 

I n  t h e  Matter of: 

K E N T U C K Y  PUBLIC SERVICE COMMISSION 1 
1 

vs ) CASE NO. 9671 
1 

HARDIN COUNTY WATER DISTRICT NO. 1 

O R D E R  

The Commiss ion ,  o n  i ts  own Mot ion ,  h e r e b y  orders that :  

1. A h e a r i n g  be a n d  i t  h e r e b y  is s c h e d u l e d  o n  September 18, 

1986, a t  1:30 p.m. ,  E a s t e r n  D a y l i g h t  T i m e ,  i n  t h e  C o m m i s s i o n ' s  

O f f i c e s ,  F r a n k f o r t ,  Kentucky.  

2 .  H a r d i n  C o u n t y  Water D i s t r i c t  No. 1 ( " H a r d i n  Water")  

s h a l l  a p p e a r  a t  t h e  h e a r i n g  a n d  s h o w  cause, i f  any it c a n ,  why it 

s h o u l d  n o t  be s u b j e c t  t o  t h e  p e n a l t i e s  prescribed i n  KRS 278.990 

for f a i l u r e  t o  comply w i t h  t h e  C o m m i s s i o n ' s  r e g u l a t i o n s  as set 

f o r t h  on pages 1 2  t h r o u g h  2 7  of the at tached Commission staff 

report * 

3. The Report o n  t h e  C o l l a p s e  of a H a r d i n  C o u n t y  Water 

D i s t r i c t  No. 1 S t a n d p i p e  a t tached  hereto as A p p e n d i x  A ,  shall be 

i n c l u d e d  as a p a r t  of t h e  record i n  t h i s  p r o c e e d i n g .  E n g i n e e r s  

from t h e  Commission's s t a f f  w i l l  be a v a i l a b l e  a t  the hearing to 

d i s c u s s  t e c h n i c a l  details of t h e  R e p o r t .  

4 .  H a r d i n  Water s h a l l  h a v e  u n t i l  t h e  close of b u s i n e s s  2 

weeks from t h e  d a t e  of t h i s  Order t o  file w r i t t e n  comments 

c o n c e t n i n q  the c o n t e n t s  of Appendix  A .  
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Done at  F r a n k f o r t ,  K e n t u c k y ,  t h i s  29th day of August, 1986. 

PUBLIC SERVICE COMMISSION 

I\, 
V ce Chairma 

ATTEST I 

I 

Executive Director 
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Commo'nweal t h  of Kentucky 
Public Service Commission 

REPORT ON THE COLLAPSE OF A 
EARDIW COUNTY WATER DISTRICT #1 STANDPIPE 

February 7, 1986 

INTRODUCTION 

On February 7, 1986, at approximately 6:15 a . m . ,  a 325,000- 

gallon standpipe collapsed in Hardin County, Kentucky. Hardin 

County Water District No. 1 ('Hardin Water') owned and operated 

the water storage tank, which stood at the Northeast corner of 

the intersection of North Logsdon Parkway and West Elm Road, in 

Radcliff, Kentucky. 

Since Hardin Water falls under t h e  jurisdiction of the 

Public Service Commission, the Commission investigated the 

accident. This report provides information pertaining to the 

tank collapse, and a brief synopsis of pertinent witness 

accounts. The report also attempts to determine the cause of the 

accident, and the sequence of events leading to it. Several 

private agencies are a l s o  investigating the standpipe accident. 

Should these agencies make any substantive information available 

to the Commission's staff, a supplemental report will be made. 

Private agencies conducting their own investigations include the 

Hatdin Water's insurer, Harlnco, the tank fabricator, Caldwell 

Tank Company, and the Radclif f Police Department . The engineers 
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and  c o n s u l t a n t s  employed  by these a g e n c i e s  i n  t h e i r  i n v e s t i -  

g a t i o n s  a t e  g i v e n  in Append ix  A. 

D a m a g e  From The  A c c i d e n t  

The s t a n d p i p e  f a i l u r e  r e s u l t e d  i n  the d e s t r u c t i o n  of t h e  

h o u s e  a t  206 N o r t h  Logsdon Parkway and damage t o  several others. 

I n  a d d i t i o n ,  s e v e r a l  a u t o m o b i l e s  w e r e  damaged,  t h e  storage t a n k  

i t s e l f  was d e s t r o y e d ,  a n d  power  l i n e s  close t o  t h e  t a n k  were 

downed. The body of Elsie Carrol l ,  t h e  resident  of t h e  house a t  

206 Logsdon Parkway,  w a s  f o u n d  i n  t h e  s treet  a f t e r  t h e  a c c i d e n t  

by local  officials. According t o  t h e  coroner's r e p o r t  Mrs. 

Carroll was electrocuted by one of t h e  downed p o w e r  l i n e s .  No 

other s e r i o u s  i n j u r i e s  o c c u r r e d .  O t h e r  t h a n  the h o u s e  t h a t  was 

c r u s h e d  by t h e  t a n k ,  n e i g h b o r i n g  property w a s  damaged b y  the 

water d i s c h a r g e d  from t h e  t a n k .  

F i g u r e  1 c o n t a i n s  an a e r i a l  p h o t o g r a p h  of a p a r t  of t h e  

acc ident  s i te ,  t a k e n  by t h e  R a d c l i f f  P o l i c e .  Two o f  t h e  

a u t o m o b i l e s  damaged by w a t e r  a p p e a r  i n  t h e  u p p e r  r i g h t  hand  

quadrant  of t h e  p h o t o g r a p h .  The  d a r k e r  of t h e  a u t o s  s u f f e r e d  a 

c r u s h e d  roof, while t h e  l i g h t  colored car next  t o  it r e c e i v e d  

damage to t h e  windows f a c i n g  t h e  t a n k .  When t h e  t a n k  r u p t u r e d ,  

thousands  of g a l l o n s  of water flooded property south of t h e  

s t andp ipe .  Water washed acroas E l m  Road and up a g a i n s t  t h e  

f r o n t s  of several  h o u s e s  n o t  shown i n  Figure 1 ,  and c a u s e d  

e x t e n s i v e  damage. One h o u s e  had a h o l e  smashed  in its f r o n t  by 
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t h e  wave of water ,  w h i l e  a n o t h e r  r e c e i v e d  roof a n d  f a c a d e  damage. 

The wash  l i f t e d  a n d  moved s e v e r a l  cars, i n c l u d i n g  o n e  b e i n g  

d r i v e n  by  Mildred Reed. Mrs.  Reed w a s  d r i v i n g  h e r  c a r  p a s t  t h e  

t a n k  when it f e l l ,  and s h e  and t h e  car  were l i f t e d  and car r ied  

across t h e  r o a d .  O n l y  s l i g h t l y  i n j u r e d ,  Mrs. Reed was ab le  t o  

d r i v e  h e r s e l f  t o  a h o s p i t a l  f o r  e x a m i n a t i o n .  O t h e r  p r o p e r t y  

damage m a i n l y  i n v o l v e d  l a n d s c a p i n g  i n  t h e  y a r d s  s u r r o u n d i n g  t h e  

t a n k .  A f e n c e  t h a t  h a d  enclosed t h e  base o f  t h e  t a n k  was a l s o  

d e s t r o y e d .  P a r t  of its r e m a i n s  a p p e a r  as t h e  l i g h t  colored s t r i p  

running from t h e  tank to t h e  bottom of t h e  p h o t o g r a p h .  P r o p e r t y  

damage e s t i m a t e d  i n  e x c e s s  of $100,000 i n c l u d e d  f i v e  a u t o m o b i l e s ,  

t h r e e  h o u s e s ,  l a n d s c a p i n g  a r o u n d  t h e  t a n k ,  a n d  t h e  t a n k  s t r u c t u r e  

i t s e l f .  

Collapse Of The Tank 

On t h e  m o r n i n g  of F e b r u a r y  6, 1986,  A n t h o n y  R i s h k o f s k i  

w i t n e s s e d  the c o l l a p s e  of t h e  H a r d i n  Water s t a n d p i p e  o n  Logsdon 

Parkway.  Lack o f  l i g h t  l i m i t e d  h i s  v i s i o n ,  h o w e v e r ,  and h e  l e f t  

t h e  scene w i t h o u t  r e a l i z i n g  t h e  e x t e n t  of damage t h a t  h a d  

occurred. He w a s  able ,  t h o u g h ,  t o  p r o v i d e  police w i t h  a s k e t c h  

o f  t h e  c o l l a p s i n g  t a n k .  I n  t h e  s k e t c h ,  t h e  t a n k  appears t o  bend 

t o  t h e  l e f t  ( n o r t h ) ,  b u c k l e  a t  a b o u t  m i d - h e i g h t ,  a n d  t h e n  

collapse o n  i t s e l f  and f a l l .  H i s  descr ip t ion  o f  t h e  i n c i d e n t  was 

o m s o n t i s l l y  l i m i t e d  t o  the a k e t c h  h e  provided, and t h e  p o l i c e  i n  

R a d c l i f f  were n o t  a b l e  t o  f i n d  a n y  o t h e r  w i t n e s s e s .  R a d c l i f f  
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p o l i c e  d i d  f i n d  p e o p l e  who h a d  o b s e r v e d  t h e  t a n k  a n d  its v i c i n i t y  

s h o r t l y  before t h e  c o l l a p s e ,  however .  One witness t o  the s c e n e  

prior to  t h e  a c c i d e n t ,  V i n c e n t  W i n t e r s ,  o b s e r v e d  t w o  men i n  a 

p i c k u p  t r u c k  n e x t  to t h e  t a n k  a b o u t  20  m i n u t e s  before i ts  

fa i lure .  One man appeared to come from b e h i n d  t h e  tower before 

e n t e r i n g  t h e  truck. T h e  i d e n t i t y  of t h e  two men h s s  n o t  b e e n  

d e t e r m i n e d ,  a n d  H a r d i n  W a t e r  s t a ted  t h a t  n o n e  o f  i ts  e m p l o y e e s  

w a s  near the t a n k  t h a t  m o r n i n g .  M e l v i n  A r c h e r ,  a local  r e s i d e n t ,  

told police h e  s a w  w a t e r  c o m i n g  from the top of t h e  s t a n d p i p e  t h e  

n i g h t  before t h e  f a l l .  Edward B a i l e y  heard  l o u d  p i n g i n g  s o u n d s  

coming from t h e  tower prior to 2 a . m . ,  the m o r n i n g  of t h e  

accident. C h a r l i e  Kerr, jogging by the towet about 20 m i n u t e s  

before i ts  f a i l u r e ,  s a w  w a t e r  f l o w i n g  across t h e  road n e x t  t o  it. 

These o b s e r v a t i o n s  do n o t  e x p l a i n  w h a t  h a p p e n e d  a t  t h e  t a n k  t h a t  

m o r n i n g ,  but t h e y  do s e r v e  t o  suggest t h e  o v e r a l l  c o n d i t i o n  of 

the s t r u c t u r e  prior to its failure. 

L i k e  t h e  w i t n e s s e s '  a c c o u n t s ,  t h e  p h y s i c a l  wreckage of t h e  

s t a n d p i p e  a l so  s e r v e s  t o  s u g g e s t  t h e  c o n d i t i o n s  t h a t  l e d  t o  the 

failure. By w o r k i n g  b a c k w a r d  from t h e  w r e c k a g e ,  and u t i l i z i n g  

the witnesses' a c c o u n t s ,  one possible f a i l u r e  s e q u e n c e  of e v e n t s  

will bo domcribed. F i g u r e  1 ahows t h a t  t h e  remain.  of the wslla 

of t h e  s t a n d p i p e  e n d e d  u p  i n  t w o  l a rge  p i e c e s  o n  the g r o u n d .  The 

c i r c u l a r  p l a t e  from the bottom of t h e  t a n k  stayed where i t  had  

b e e n ,  o n  the c o n c r e t e  f o u n d a t i o n  shown in t h e  lower l e f t - h a n d  
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q u a d r a n t  of t h e  photo. T h e  piece of t h e  t a n k  w a l l  i n  t h e  m i d d l e  

l e f t - h a n d  side of t h e  photo came from above t h e  bend t h a t  t h e  

w i t n e s s ,  M r .  R i s h k o f s k i ,  m e n t i o n e d .  T h e  l i g h t  colored r e c t a n g l e ,  

in t h e  m i d d l e  of t h e  p h o t o ,  is t h e  f l a t t e n e d  w a l l  s e c t i o n  f r o m  

below t h e  bend.  S o m e t i m e  d u r i n g  t h e  f a l l ,  t h e  upper section of 

t a n k  d o u b l e d  back on i t s e l f ,  a n 3  folded i n  t w o .  When i t  h i t  t h e  

g r o u n d ,  this piece of t h e  s t r u c t u r e  s l i d  away from t h e  b o t t o m  

piece, as evidenced  by t h e  d i s t ance  b e t w e e n  them. 

Though n o t  c l e a r l y  i n d i c a t e d  i n  F i g u r e  1, t h e  t a n k  b e g a n  t o  

f a l l  i n  a n o r t h e r l y  d i r ec t ion ,  t h e n  rotated a p p r o x i m a t e l y  30 

degrees to t h e  w e s t .  T h e  a n c h o r  bolts a r o u n d  t h e  n o r t h e r n  side 

of t h e  t a n k  base were ben t  i n  t h e  same d i r e c t i o n  a s  t h e  o r i g i n a l  

d i r e c t i o n  of f a l l .  T h e  bo l t s  o n  t h a t  side w e r e  also b e n t  a l m o s t  

a l l  t h e  way down t o  t h e  f o u n d a t i o n ,  w h i l e  those o n  t h e  s o u t h e r n  

side w e r e  n o t  b e n t  a t  a l l .  On the g r o u n d ,  t h e  b o t t o m  s e c t i o n  

collapsed almost f l a t ,  a n d  e n d e d  u p  a p p r o x i m a t e l y  four feet from 

t h e  nearest b o l t .  Scrape m a r k s  o n  t h e  c o n c r e t e  f o u n d a t i o n  were 

e v i d e n t  between t h e  bolts and t h e  bottom o f  t h e  t a n k ,  i n d i c a t i n g  

t h a t  t h e  bottom a o c t i o n  of the 8 t t u c t u r e  was p u l l e d  as it n e a r e d  

t h e  e n d  of its f a l l .  Commission staff m e m b e r s  a l so  observed t h a t  

t h e  w r e c k a g e  of t h e  t a n k  o n  t h e  n o r t h  side, a t  t h e  separation 

l i n e  between t h e  two large pieces, appeared t o  h a v e  been p u l l e d  

apar t .  Though n o t  e v i d e n t  i n  F i g u r e  1, p a r t  of t h e  t a n k  w a l l  

c losest  to  t h e  f o u n d a t i o n  b u c k l e d  and f o l d e d  i n t o  p leats .  

\ 
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The  w a l l s  of t h e  s t a n d p i p e  had stood o n  a 1 / 4 - i n c h  t h i c k  

b o t t o m  p l a t e ,  a n d  w e r e  welded t o  t h e  p l a t e  t o  p r e v e n t  l e a k a g e .  

T h i s  p l a t e  w a s  p r e v i o u s l y  m e n t i o n e d  a n d  appears o n  t h e  c i r c u l a r  

f o u n d a t i o n  i n  t h e  photo. F i g u r e  2, a long  w i t h  p r o v i d i n g  s o m e  

detail of t h e  o v e r a l l  s t r u c t u r e ,  i n c l u d e s  a c r o s s - s e c t i o n a l  v i e w  

of t h e  w a l l  to bottom p l a t e  w e l d ,  A s  s e e n  in t h e  drawing, t h e  

t a n k  w a l l  w a s  sealed to t h e  bottom p l a t e  w i t h  w e l d s  o n  bo th  

sides. When t h e  f a i l u r e  occurred, t h e  bottom p l a t e  b r o k e  f r o m  

t h e  i n s i d e  of t h e  i n t e r i o r  w e l d ,  as t h e  d r a w i n g  i n d i c a t e s .  The 

c i r c u l a r  p a r t  of t h e  p la te  i n s i d e  t h e  t a n k  s t a y e d  o n  t h e  f o u n -  

d a t i o n ,  w h i l e  t h e  r i n g  of p l a t e  o u t s i d e  t h e  w e l d  w e n t  w i t h  t h e  

rest of t h e  t a n k ,  T h e  p a r t  of t h e  p l a t e  t h a t  stayed o n  t h e  f o u n -  

d a t i o n  was d i s h e d  u p  a long its s o u t h e r n  edge, a n d  f l a t  a l o n g  t h e  

n o r t h e r n  edge. The  wreckage of t h e  t a n k  shows t h a t  a r u p t u r e  oc- 

curred a t  t h e  b a s e ,  a n d  t h a t  a n o t h e r  o c c u r r e d  midway u p  t h e  t a n k .  

T h i s  r e p o r t  c o n c l u d e s  t h a t  t h e  i n i t i a l  p o i n t  o f  f a i l u r e  i n  

the s t a n d p i p e  waa a t  t h e  base, a n d  t h a t  f a i l u r e  r e s u l t e d  f rom 

o v e r - p r e s s u r i z a t i o n .  C a l c u l a t i o n s  by t h e  Commission s t a f f  i n d i -  

cate t h a t  t h e  pressure i n  t h e  t a n k  may h a v e  been great e n o u g h  to 

overcome  the w e i g h t  of t h e  s tandpipe.  As a r e s u l t  of t h i s ,  t h e  

t a n k  wou ld  be p u s h e d  upward  by t h e  pressure, and would t r y  t o  

l i f t  off its base, Anchor bol t8  s u r r o u n d e d  t h e  base of t h e  t a n k  

w a l l ,  b o l t i n g  I t  t o  t h e  f o u n d a t f o n .  I t  appears,  however, t h s t  

t h e  n u t s  on these bolt6 may not h a v e  been evenly t f g h t e n e d  down. 
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Such a condition was observed by Commission s t a f f  at Hardin 

Water's standpipe on South Wilson Road. The Wilson Road tank was 

built by the same company as the one that failed, and it is the 

same basic design, though smaller in diameter and four years 

older . The consultant for the Radcliff Police Department 

suggests the bolts were there to prevent overturning or sliding 

of the tank due to wind forces. There is no indication on the 

manufacturers drawing a8 to how tight the tie-down nuts should 

have been. Without having the nuts tightened down, though, it 

was possible for the sides of the tank to lift slightly off the 

foundation . 
Under d condition of sufficient internal pressure, the tank 

structure would begin to lift off its base by deforming the 

attached bottom plate. The bottom plate would tend to take on a 

dish-shaped contour by stretching, and bending at the weld con- 

nection to the wall of the t a n k .  Evidence of this stretching 

appeared along the southern edge of the bottom plate, which was 

dished up off the foundation. Edward Bedell, the metallurgical 

consultant of the insurer, commented that the metal in the base 

plate, to which the walls were attached, was brittle. This means 

the metal in that area would tend to break while undergoing 

stretching or bending. It appears likely that failure occurred 

when t h l r  deformation took place. When the base ruptured, water 
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began  t o  eject  f r o m  t h a t  p a r t  of t h e  t a n k ,  a n d  t h e  w e i g h t  of t h e  

s t r u c t u r e  s h i f t e d  t o  t h e  n o r t h e r n  w a l l .  

Loss of water f r o m  t h e  s t a n d p i p e  caused t h e  i n t e r n a l  

p r e s s u r e  of t h e  t a n k  t o  drop s u d d e n l y ,  t h e r e b y  a l l o w i n g  t h e  

s t r u c t u r e ' s  w e i g h t  t o  s h i f t  back t o  t h e  w a l l s .  The load o n  t h e  

w a l l s  would  n o t  h a v e  been e v e n l y  d i s t r i b u t e d ,  however ,  b e c a u s e  

t h e  t a n k  had b e e n  t i l t e d .  T h e  load would  e s s e n t i a l l y  h a v e  rested 

o n  t h e  n o r t h e r n m o s t  w a l l ,  w h i c h  w a s  closer t o  t h e  f o u n d a t i o n  t h a n  

t h e  s o u t h e r n  w a l l .  U n a b l e  t o  s u p p o r t  a load for w h i c h  i t  w a s  n o t  

designed, t h e  w a l l  became u n s t a b l e ,  a n d  b u c k l e d  a t  t h e  bottom. 

I t  is l i k e l y  t h a t  t h i s  is when t h e  w i t n e s s ,  Mr. R l s h k o f s k i ,  

o b s e r v e d  t h e  s i l o - l i k e  s t r u c t u r e  l e a n  t o  t h e  l e f t  ( n o r t h ) .  A f t e r  

t h e  n o r t h  w a l l  b u c k l e d  at t h e  bottom, t h e  w e a k  v e r t i c a l  seam a t  

m i d - h e i g h t  r u p t u r e d  . 
The m i d - h e i g h t  r u p t u r e  i n  t h e  t a n k  o r i g i n a t e d  a t  a weld 

j o i n t  i n  the wall, a p p r o x i m a t e l y  where t h e  w i t n e s s  s a w  t h e  

s t r u c t u r e  b e n d  i n  t w o .  A d i s c u s s i o n  w i t h  Edward B e d e l l ,  t h e  

m e t a l l u r g i s t  employed by t h e  i n s u r e r ,  i n d i c a t e d  t h a t  t h e  f a i l e d  

weld j o i n t  c o n t a i n e d  such a s m a l l  amount  of m e t a l ,  t h a t  i t  c o u l d  

n o t  h a v e  had t h e  s t r e n g t h  of a properly made j o i n t .  I n  f a c t ,  t h e  

j o i n t  w a s  n o t  e v e n  w a t e r - t i g h t ,  as t h e  p h o t o g r a p h  i n  F i g u r e  2 A  

i n d i c a t e s  t h a t  i t  wan l e a k i n g  water a t  l e a s t  9 m o n t h s  before t h e  

a c c i d e n t .  Reference t o  t h e  contractor 's  d r a w i n g s  s h o w s  t h a t  t h e  

s t ee l  p l a t e  u s e d  i n  t h e  t a n k  a b o v e ,  a n d  i m m e d i a t e l y  below, t h e  
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mid-height rupture was 1/4" thick. The corresponding welds 

should have been fabricated by an edge to edge, or butt, weld. 

Such a joint would require full penetration of the weld, meaning 

there would be solid weld metal equal to the  thickness of the 

original steel plates at each joint. After the collapse both the 

insurer's metallurgist and the Commission staff observed that 

ruptured joint contained far less weld metal than the fabrication 

drawings called for. Stress calculations by the staff indicate 

that the poorly made j o i n t  may have been only marginally adequate 

to handle the normal pressure in that area of the tank. When the 

poorly made joint ruptured, a fairly uniform width of metal 

ripped open in the side of the tank, and spread horizontally in 

both directions. This meant there was no longer any support for 

the top of the tank, which proceeded to collapse onto the 

overturning lower section of the silo-like structure. 

There were two major points of failure observed in t h e  

wreckage of the standpipe, the weak weld at mid-height and the 

brittle metal at the base of the t s n k .  The failurea at these 

points appear t o  have resulted from over-pressurization of the 

standpipe. Over-pressurization which was the result of flowing 

more w a t e r  into the tank than could exit it under a negligible 

internal pressure . 
Flow of water into the Hardin Water standpipe should have 

been controlled by the altitude valve located near its base. 
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Append ix  B d e s c r i b e s  more f u l l y  t h e  f u n c t i o n  and  o p e r a t i o n  o f  an 

a l t i t u d e  v a l v e .  The a l t i t u d e  v a l v e  s h o u l d  h a v e  s t o p p e d  t h e  flow 

o n c e  a c e r t a i n  water l e v e l  was reached i n s i d e  t h e  t a n k .  T h i s  d i d  

n o t  a l w a y s  o c c u r ,  however ,  a s  b o t h  t h e  D i s t r i c t  a n d  r e s i d e n t s  

around t h e  t a n k  h a v e  s t a t e d .  As described i n  Append ix  B 

u n c o n t r o l l e d  e x c e s s  flow t o  a s t a n d p i p e  n o r m a l l y  o v e r f l o w s  

t h r o u g h  a d i s c h a r g e  p i p e ,  a n d  s i m p l y  d r a i n s  o n t o  the g r o u n d  

a r o u n d  t h e  t a n k .  I n  a n o r m a l  s y s t e m ,  t h e  discharge p i p e  is 

d e s i g n e d  t o  be b i g  enough  t o  d r a i n  t h e  excess i n f l u x  of water, 

based o n  t h e  volume t h e  s y s t e m  pumps can d e l i v e r  a t  t h e  o v e r f l o w  

l e v e l .  I n  t h i s  way, t h e  water  l e v e l  is k e p t  below a maximum 

l e v e l  a n d  does n o t  f l o w  o u t  t h e  top  o f  t h e  t a n k .  I n  t h e  case of 

H a r d i n  Water, t h e  s t a n d p i p e  o v e r f l o w  w a s  a d e q u a t e l y  s i z e d  when 

t h e  s y s t e m  was o r i g i n a l l y  b u i l t  i n  t h e  l a t e  1 9 5 0 ' s .  Years l a t e r ,  

however ,  t h e  s y s t e m  p r e s s u r e  a n d  c a p a c i t y  were i n c r e a s e d  t o  serve 

more c u s t o m e r s .  A s  a r e s u l t ,  i t  t h e n  became p o s s i b l e  t o  f i l l  t h e  

North Logsdon s tandpipe  a t  a rate greater t h a n  t h e  o v e r f l o w  

d i s c h a r g e  p i p e  c o u l d  h a n d l e .  T h i s  means  t h a t  i f  t h e  l e v e l  

c o n t r o l l i n g  a l t i t u d e  v a l v e  f a i l e d  t o  work p r o p e r l y ,  t h e  water 

l e v e l  c o u l d  c o n t i n u e  t o  rise u n t i l  it r e a c h e d  t h e  top o f  t h e  

t a n k .  Once  t h e r e ,  t h e  w a t e r  would  b e g i n  t o  f l o w  o u t  t h e  

8tandpipe air v e n t .  Once the t a n k  wae COmplOtely f u l l ,  i f  Water 

w a s  s t i l l  e n t e r i n g  it, t h e  p r e s s u r e  i n s i d e  wou ld  b e g i n  to 

I n c r e a s e .  T h e  a c t u a l  r ise i n  p r e e s u r e  wou ld  be d i c t a t e d  by  t h e  
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resistance encountered to discharging the excess f l o w .  Such an 

increase in pressure would have the direct effect of increasiny 

the stresses in the tank itself. 

Flow measurements were done in the vicinity of the failed 

standpipe to determine approximately what volume of water was 

available to the tank at the time of the accident. Calculations 

indicate that a volume of over 1,330 gpm may have been available 

to the standpipe, at a pressure sufficient to push the liquid 

past the top of the tank. Calculations were done by the staff, 

to give an a p p r o x i m a t e  value for t h e  i n t e r n a l  tank pressure based 

on the estimated overflow. The resulting calculated internal 

pressure was approximately 2.5 psi at the top of the tank. Such 

a pressure would cause an increase in the t a n k  metal stresses 

that would tend to pull the seams and joints of the tank apart .  

The calculated pressure, acting against the top of the tower, 

could theoretically lift the entire unrestrained tank off its 

foundation. This in turn would be resisted by the bottom plate, 

possibly aided by the anchor bolts surrounding the base of the 

structure. If the nuts o n  the anchor bolts where not uniformly 

tightened down, as has been suggested, they would not provide 

uniform restraint. The tank would rise in whatever direction 

possible, and create an increasing amount of stress in the bottom 

plate to wall j o i n t .  
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TWO factors c o n t r i b u t e d  t o  making  t h i s  a disastrous 

s i t u a t i o n .  T h e r e  was t h e  w e a k  weld j o i n t  i n  t h e  w a l l  of t h e  

t a n k ,  w h i c h  Edward B e d e l l  and David Brown, m e t a l l u r g i s t s  for t h e  

i n s u r e r ,  v e r b a l l y  c o n f i r m e d  as t h e  p o i n t  of origin of f a i l u r e  i n  

t h e  wal l .  More i m p o r t a n t  t h a n  t h i s ,  however ,  was t h e  i n a b i l i t y  

of t h e  a n c h o r  bo l t s  t o  p r e v e n t  t h e  u p l i f t  of t h e  t a n k  w a l l s .  T h e  

f a i l u r e  of t h e  t a n k ' s  n o r t h  w a l l  a p p e a r e d  t o  r e s u l t  f r o m  i ts  

t a k i n g  a load for w h i c h  i t  was n o t  d e s i g n e d .  The  t r a n s f e r  of 

s u c h  d d e s t a b i l i z i n g  load o n t o  t h a t  p o r t i o n  of t h e  t a n k  w a l l ,  

p r o b a b l y  o c c u r r e d  because t h e  s i l o - l i k e  s t r u c t u r e  w a s  t i l t e d  

toward t h a t  w a l l .  T i l t i n g  of t h e  s t r u c t u r e  would  have r e s u l t e d  

when t h e  bottom p l a t e  of the tank b e g a n  t o  rise, d u e  to i n t e r n a l  

pressure and inadequate restraint by t h e  tank's a n c h o r  bolts.  

P r i m a r y  f a i l u r e  p r o b a b l y  o c c u r r e d  when t h e  b r i t t l e  metal a t  t h e  

base of t h e  t a n k  b r o k e ,  while b e i n g  bent i n t o  t h e  dish-shape 

mentioned ear l ier  i n  t h i s  report .  Once t h e  bottom p l a t e  b e g a n  to 

separa te  from t h e  t a n k  walls, t h e  n o r t h  wall proceeded t o  buckle, 

and collapse of the t a n k  fo l lowed.  

V i o l s t  Lone 

A t  t h e  t i m e  of t h e  s t a n d p i p e  f a i l u r e ,  H a r d i n  C o u n t y  Water 

D i s t r i c t  No. 1 w a s  i n  v i o l a t i o n  of several p r o v i s i o n s  of 807 KAR 

5 : 0 0 6 ,  t h e  G e n e r a l  R u l e s  of t h e  P u b l i c  S e r v i c e  Commission.  

S p e c i f i c a l l y ,  H a r d i n  Water was i n  v i o l a t i o n  of: 
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Section 24. Repor t ing  of Accidents 

Hardin  Water has yet to report t h e  

s t a n d p i p e  a c c i d e n t  t o  the P u b l i c  S e r v i c e  

Commission. S i n c e  death and  s u b s t a n t i a l  

property damage o c c u r r e d ,  the u t i l i t y  is 

required to notify the Commission promptly by 

t e l e p h o n e  or t e l eg raph .  A w r i t t e n  r e p o r t  to 

t h e  Commission is required w i t h i n  7 d a y s  of 

t h e  a c c i d e n t .  Hardin Water d i d  n o t  comply 

w i t h  these r e q u i r e m e n t s .  

Section 23. Inspection of System 

T h i s  sect ion of t h e  law is i n t e n d e d  t o  

promote s a f e  a n d  a d e q u a t e  operation of u t i l i -  

t ies by r e q u i r i n g  s y s t e m  i n s p e c t i o n s .  Syste- 

matic inspec t ions  s h o u l d  r e v e a l  some of t h e  

more o b v i o u s  s y s t e m  problems, g i v i n g  t h e  

utility a chance to correct them before t h e y  

cauae extensive damage or i n j u r y .  F o r  t h i s  

reason, P a r a g r a p h  (1) requires a d o p t i o n  of an 

inspection procedure, a n d  a f i l i n g  of t h i s  

p r o c e d u r e  w i t h  t h e  P u b l i c  S e r v i c e  Commission. 

P a r a g r a p h  ( 5 )  sets s p e c i f i c  g u i d e l i n e s  for the 

t i m e  i n t e r v a l  b e t w e e n  i n s p e c t i o n s  of v a r i o u s  

c o m p o n e n t s  in t h e  systems, b u t  does n o t  l i m i t  
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inspection responsibility to those specific 

components. Further, the regulation requires 

the utility to keep records on the inspec- 

tions, and corrective actions resulting 

therefrom. 

Based on conversations Commission staff 

members and the Radclif f Police Department 

have had with Hardin Water p e r s o n n e l ,  there 

appears to be no evidence that Hardin Water 

ever conducted an adequate safety inspection 

of its system. Along with violating the 

overall intent of Section 23, t h e  utility 

violates specific parts of the regulations by 

not having an inspection procedure on f i l e  

with the Commission. Further, the utility 

does not appear to conduct any systematic 

checks of its facilities, and it keeps no 

records of inspections or repairs to system 

deficiencies discovered. 

A primary problem at the time of the 

accident may have been the malfunctioning of 

the standpipe altitude valve. Inspection of 

the valves used to control flow into a 
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s t a n d p i p e  is c o v e r e d  by p a r t  (5) g .  of Section 

23. T h e r e  is e v i d e n c e  t h e  v a l v e  a t  t h e  N o r t h  

Logsdon s t a n d p i p e  m a l f u n c t i o n e d  r e p e a t e d l y  i n  

t h e  p a s t ,  t h o u g h  there is n o  record of a n y  

i n s p e c t i o n  or c o r r e c t i v e  a c t i o n  made by H a r d i n  

Water. Accordi .nq t o  t h e  H a r d i n  Water Manager  

a t  t h e  t i m e  of t h e  a c c i d e n t ,  r e p a i r m e n  would 

a t t e n d  t o  t h e  v a l v e  wheneve r  the s t a n d p i p e  was 

reported t o  be  o v e r f l o w i n g .  The  t a n k  i t s e l f  

d o e s  not appear  t o  h a v e  b e e n  i n spec ted  ade- 

q u a t e l y  by H a r d i n  Water, e v e n  t h o u g h  i t  was 

r u s t e d  a n d  l e a r t i n g  w a t e r .  A s  r e q u i r e d  by t h e  

G e n e r a l  R u l e s  the v a l v e s  c o n t r o l l i n g  flow t o  

t h e  s t a n d p i p e  s h o u l d  h a v e  b e e n  i n s p e c t e d ,  and  

t h e  t a n k  s t r u c t u r e  i t se l f  s h o u l d  h a v e  b e e n  

q i v e n  a t t e n t i o n  o n c e  t h e  leak  c o n d i t i o n  w a s  

p o i n t e d  o u t  to the u t i l i t y .  

Section 22. Safety Frograr 

Based on o b s e r v a t i o n s  of Commiss ion  staff 

members, H a r d i n  Water has n o t  established a 

safety program for its e m p l o y e e s .  Such a 

program is a r e q u i r e m e n t  of the G e n e r a l  R u l e s .  
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Section 19, Location of Records 

Under the regulations Hardin Water should 

keep records pertaining to its safety in- 

spections. Records should also be kept 

regarding the utility's response to reports of 

potentially hazardous conditions. The General 

R u l e s  require that these records be kept at 

t h e  central office of t h e  utility, and be 

available for review by Public Service 

Commission personnel. The utility does not 

meet these requirements. 

Sect ion 18. System H a p s  and Records 

This section of the regulations require 

utilities t o  maintain up-to-date maps or 

records of its system. Such maps would 

include the general district served, the 

location and size of the utility's water 

lines, and t h e  location and layout of its 

plsnthl  and main item5, such as standpipes. 

Hardin Water fails to comply with this section 

of the regulations. To date, the exact 

arrangement of piping around t h e  collapsed 

standpipe is not known. The lack of such 

knowledge has hampered the Commission's 
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investigation of the standpipe accident. 

Further, this lack of knowledge about its own 

system caused confusion among district 

personnel who sought to Isolate the standpipe 

site after the accident. 

Recommendat ions 

Having previously discussed the various points of Hardin 

Water's noncompliance with 807 KAR the Commission staff recom- 

mends that Hardin Water be directed to immediately correct its 

noncompliance and that d Show Cause proceeding be initiated 

against the utility. At the proceeding, Hardin Water should be 

ready to explain why it Is out of compliance with the pertinent 

sections of 807 K A R  5 : 0 0 6 .  That utility should be ordered to 

show cause why the Commission should not assess penalties for the 

stated violations. 

The Commission staff further recommends that Hardin Water be 

directed to have a thorough and comprehensive engineering hy- 

d r a u l l c  anrlyrir mado at it. symtom. Tho Commimmion mtaft  

believes such an analysis will make the utility better aware of 

both existing and potential operational problems with Its water 

system. A report of the analysis should be made and submitted to 

the Commission for its review. 

Finally, the Commission staff recommends that Hardin Water 

remove its Wilson Road standpipe from service. Initial 
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investigation by the staff indicates that the standpipe serves no 

necessary hydraulic function. The previously suggested hydraulic 

analysis should demonstrate the purpose and ef feet of the Wilson 

Road standpipe. Of critical concern is t h e  fact that the Wilson 

Road tank was designed and constructed by the same firm that 

erected the failed Logsdon Parkway tank. The Wilson Road tank is 

the same height as the one that fell, smaller in diameter, and 

approximately four years older. It has the same overflow ele- 

vation as the failed unit, and has itself overflowed in the past. 

In fact? the Hardin Water manager told one staff member that it 

overflowed two days a f t e r  the other tank f e l l .  The Wilson Road 

tank has not, to anyone's knowledge, received any more attention 

than the collasped Logsdon Parkway tank. Rust, which may 

indicate deterioration of t h e  wallsI was evident on the exterior 

of the tank earlier this year. If Hardin Water can satis- 

factorily demonstrate the hydraulic necessity of the tank? it 

should have the tank completely evaluated for structural 

integrity and safety before placing it back in service. 

Public Service Engineer Chief 

Eddie 0. Smith 
m l i c  Service Engineer Manager 
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Appendix A 

Marinco, the San Antonio based insurer of Hardin Water, 

retained a Louisville based property damage adjustor, and an 

Atlanta based liability adjustor. Adjustco, the Louisville firm, 

retained Metallurgical Services Company and Advanced Process 

Systems, Inc. , to investigate the engineering aspects of the 

accident. CarOnia Corporation, of At lanta ,  employed Law 

Engineering and Testing Company, and GRW Engineering, for their 

investigation. The Radcliff Police Department h i r e d  Michael 

Cassaro, a Civil Engineer and a University of Louisville 

professor, to investigate the accident, and a L o u i s v i l l e  

Engineering firm, Derrick Engineering, Inc. , to examine the 

standpipe valve  p i t .  Caldwell Tank Company of Louisville, built 

the standpipe, and w i l l  probably address the accident in some 

manner of report. To date o n l y  Michael Cassaro's report has been 

obtained by the Commission staff. 
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.*Appendix B 

S t a n d p i p e  And V a l v e  P i t  D e s c r i p t i o n  

The c o l l a p s e d  s t a n d p i p e ,  on North Logsdon Parkway, w a s  a 

3 2 5 , 0 0 0 - g a l l o n  water storage reservoir. Two photographs of t h e  

s t a n d p i p e  appear i n  Figure 1A and  F i g u r e  2A. C o n s t r u c t e d  i n  1959 

for Hardin Water, t h e  t a n k  was o f  welded c o n s t r u c t i o n  and was to  

meet the  criteria of the American  Water Works A s s o c i a t i o n  

Standard S p e c i f i c a t i o n s  7H-3-1948. This specification a d d r e s s e s  

..- ttmaibesign a-nd f.bttc#ion of welded  s teel  t a n k a ,  s t&nd&s# and 

reoer&ira for 'v?l ter~torage .  The s t a n d p i p e  base was 22 f e e t  i n  

dism&r,, and - & - - a $ r a i g h t  wall h e i g h t  was approxtmately 115 

- feet. - snc luQing-twroof ,  t h e  overall tank M i g h t  t o  the Q u t l e t  

of t h e  a i r  vent 'wus, 120 feet. P r i o r  to failure, t h e  s t h p i p e  

- -uibth, -me s t ? n d p a e  walls sat on *LytJq-il)ah- *I€ 8-1 piate', 

t h i s  --&ate tor&Sxn a seal againat Ieakage. ~ U r l b f n s a t R  t h e  

s t a n d p i p e  a cone& foundation s u p p o r t e d  ,&e ent i re  * B t r u C L U r e .  

Water f e d  i n t o ,  and*-€+ t h e  tankrthrough 9 lo-inch Ripe i n  

. -- . *  

. 
_ _  F ': _ - . .  

-.. 
w 

- - rT 

resembled 6. * %I--& -+h a h e i g h t  of a p p r o x f w e l y  kive--ti-- t t s  

'q@t;ra-. io&. + q t t o r n  of the tank-, m h e a a i l s  f r .  . ddor&,.- .- . 
- "3 * +  

# -c.- - -- . a 2  Jz .- - :*e - & - e  
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I 4, - 
its bottom. L 1. - 
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The t a n k  was c o n s t r u c t e d  of s t a 1  gldtr  i a n g i n g  i n  t h i c k n e s a  

from - q 4 .  - l/2V8 and was built in 195Q-by 4bldwe11 Tam Company 

of L o u b v i l l e ,  Rontucky. The Diskrict'e c ~ n s u l t i n $  e n g i n e e r s  for 

the 1959 c o n s t r u c t i o n  were S y n d e r ,  M c L e l l a n  and Associates of 
I e 

.. 
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Hillsboro,  I n d i a n a .  The  g e n e r a l  c o n t r a c t o r  for t h e  1959 con-  

s t r u c t i o n  was Coleman T r a i n o r  & Company of H u n t i n g t o n ,  West 

V i r g i n i a  . 
Based o n  i n f o r m a t i o n  p r o v i d e d  by t h e  D i s t r i c t ' s  p e r s o n n e l ,  

t h e  s t a n d p i p e  o n  N o r t h  Logadon Parkway r e c e i v e d  w a t e r  f r o m  a 

6 - i n c h  main r u n n i n g  b e n e a t h  Logsdon Parkway ,  a n d  a 1 0 - i n c h  main 

u n d e r  w e s t  Elm Road. These l i n e s  came t o g e t h e r ,  and t h e n  flowed 

w a t e r  t o  a v a l v e  p i t  n e x t  t o  t h e  t a n k  t h r o u g h  a common 1 0 - i n c h  

line. T h e  purpose of t h e  v a l v e  p i t  w a s  t o  a l l o w  water to f l o w  

i n t o  t h e  s t a n d p i p e  when t h e  t a n k  l e v e l  dropped below a c e r t a i n  

p o i n t .  Water would  t h e n  f i l l  t h e  t a n k  t ill  a pre-set l e v e l  w a s  

o b t a i n e d ,  a n d  t h e n  stop. T h e n ,  or when, t h e  s y s t e m  p r e s s u r e  

d r o p p e d ,  t h e  s t a n d p i p e  would empty  back i n t o  t h e  s y s t e m  t h r o u g h  

the p i p i n g  in t h e  v a l v e  p i t .  

TO a c c o m p l i s h  t h i s ,  t h e  v a l v e  p i t  c o n t a i n e d  three p a r a l l e l  

l i n e s ,  o n e  l i n e  c o n t a i n e d  a manually operated valve that allowed 

t h e  District  t o  essentially by-pass t h e  o ther  t w o  l i n e s  i n  t h e  

p i t .  This v a l v e  w a s  n o r m a l l y  closed. T h e  l i n e  n e x t  t o  t h i s  

contains a check vulve,  w h i c h  would c h e c k  (k.e.  stop) the flow of 

w a t e r  I n t o  the t a n k .  When t h e  s y s t e m  p r e s s u r e  would  drop, t h i s  

v a l v e  would t h e n  allow water  t o  f l o w  out of t h e  t a n k .  The  t h i r d  

l i n e  con ta ins  a n  a l t i t u d e  v a l v e ,  w h i c h  wou ld  c o n t r o l  t h e  flow of 

water i n t o  t h e  t a n k .  As a c o n t r o l  v a l v e ,  the f u n c t i o n  of t h e  

a l t i t u d e  v a l v e  w a s  t o  p r e v e n t  t h e  water l e v e l  i n  t h e  t a n k  f r o m  
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r i s i n g  above a c e r t a i n  p o i n t ,  and to a l l o w  water to enter t h e  

tank when t h e  level dropped below t h i s  point. If  t h e  va lve  

malfunctioned, it  could e i t h e r  a l l o w  water to c o n t i n u e  f i l l i n g  

t h e  tank  a f t e r  t h e  high l e v e l  was reached, or it m i g h t  n o t  let 

water e n t e r  t h e  tank a t  a l l .  Finally, t h e  valve p i t  Contains a 

main shut-off valve which is operated manually, and c a n  

c o m p l e t e l y  s t o p  f l o w  i n t o ,  or out of the tank. 
3 

- -  

- 
. . .  3 

. .- 
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Appendix C 

Maintenance Backqround 

Detailed records of the maintenance work performed on the 

equipment a t  Hardin County do not exist. Information does e x i s t  

however to verify t h a t  t h e  Logsdon standpipe was painted during * 
1975-76. Maintenance such as this doe8 not occur on a strictly 

regular basis. Ftee-lance contractors compete for the business 

of utilities like Hardin County by visiting the facilities and 

doing their a w n  evaluation-of  needed repairs, Apparently, to- get 

a particular job, t h i s  type of contractoramust convince the 
T - '  - 

utility a repair is needed. 

Leary Construction, visited 

presented Hardin Water with 
.. 

-* _. 

One such .._- safesman, Marvin Noe of 
* .  

Hardin County -.in . m y  1985, and - - .  . 'e - e .  
_- 

photogapha showing russ damage on 

t h e  outside of the&Bdorr. .sfrfi$pipe. In 0-m photo, shown in 

- - 
action was taken by*t .d i s t r<c t ,  anb &e photogrughe given to 

the District were thrown away. The contractor'e inepection of 

t h i s  tank, and the other Hardin Water tanks fn Radclfff, did n o t  

include a structural evaluatibn, 

:--* 

- -  - -, - - 

-. _ .  

Baaed on discussionm with Distrbt-personnel, the standpipes 

in the District received only cursory attontion. Groundskeeping 

constituted the main maintenance actfvity. Valve p i t  maintenance 
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w a s  d o n e  o n  a s t r i c t l y  "as n e e d e d "  b a s i s ,  If a water t a n k  o v e r -  

f l o w e d ,  t h e n  t h e  v a l v e s  i n  i ts p i t  w e r e  s e r v i c e d ,  o t h e r w i s e  t h e y  

w e r e  l e f t  a l o n e .  The  e m p l o y e e  of t h e  D i s t r i c t  who d i d  t h e  

m a j o r i t y  of w o r k  o n  t h e  v a l v e s ,  Jr .  D o l l y ,  d i e d  i n  a D i s t r i c t  

related a c c i d e n t  l a s t  y e a r ,  a p p a r e n t l y  l e a v i n g  n o  m a i n t e n a n c e  

records b e h i n d .  A c c o r d i n g  t o  Marvin  Logsdon,  H a r d i n  Water 

Manager  a t  t h e  t i m e  o f  t h e  a c c i d e n t ,  J r .  D o l l y  reset t h e  Logsdon 

a l t i t u d e  v a l v e  w h e n e v e r  t h e  t a n k  o v e r f l o w e d ,  w h i c h  it r e p o r t e d l y  

d i d  o f t e n .  As m e n t i o n e d  p r e v i o u s l y ,  t h e r e  are s e v e r a l  v a l v e s  i n  

e a c h  v a l v e  p i t ,  Wha teve r  k i n d s  of m a i n t e n a n c e  or r epa i r  w o r k  Mr. 

D o l l y  d i d  o n  t h e  Logsdon s t a n d p i p e  v a l v e s  was n o t  documented. 

T h e r e  is n o  r s c o r d e d  o p e r a t i o n a l  h i s t o r y  on t h e  v a l v e s ,  t h o u g h  

t h e y  are known t o  h a v e  h a d  o p e r a t i o n a l  problems. 



F i g u r e  1 Aeria l  L ' i e w  of the :dorth Lor j sdon  i r c c l d e n t  Site 
( P h o t o g r a p h  A - 5 ,  i i a d c l i f f  Police Department, 1 9 8 6 )  
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